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(i lon i'lasjma cvd processinc; aim^auatus 

I (11) r»0-lG<U9 (A) (43) 2<S. 1.1985 (19) JP 

5 (21) Appl. No. 58-1249-l'l (22) 8.7.1983 

I (71) NMllON DKNSHI KOGYO K.K. (72) TADASHI MATSUZAWA 

I (51) Int. CP. H01L2I/205,II01L21/31//H01L33/00 

PIIRP<;S10: To obtain a film in the sufficient thickness within a short period of 
i time by puttiiig a material to be processed into a hermetically sealed reservoir 

i and supplying a film forming gas. generating DC plasma between the cathode 

■ made of a material to be processed and the anode made of reservoir, providing 

a hot electron cathode b etween the reservoir and material at the time of gener- 
ating the d€'sired film on the surface of materiaJ and by applying an inter- 
; mediate voltage thereto. 

CONSTITUTION: A multi-stage holder 4 is provided in a cylindrical sealed reser- 
' voir 1, many conductive material to be processed 5 are placed thereon, and a 

ring-shaped gas nozzle 7 is provided to the internal circumference of reservoir 1 
while it is kept at the same potential as the reservoir 1. The reservoir 1 is vacu- 
umed by an exhaust pipe 2 connected to a vacuum pump 3 and a raw gas for 
fihning is sent thereto from a gas source 8. Thereafter, the negative terminal of 
external DC voltage source 6 is connected to the holder, namely to the material 
5 and the positive terminal is connected to the reservoir 1 and is grounded. 
Moreover, a coiled hot electron cathode 15 is provided vertically between the 
nozzle 7 and material and an mtermediate voltage sent from the AC healing 
power supply 17 through a boostuig transformer 16 is applied to said cathode. 
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specification 



1. Title of the Invention 

Plasma CVD processing apparatus 

2 . Claims 

(1) A plasma CVD processing apparatus having a gas-tight vessel, a 
means for making the inside of that gas-tight vessel into a desired 
atmosphere, a processed material placed inside that gas-tight vessel, a 
DC high-voltage power supply that applies high-voltage electricity with 
that processed material as cathode and the gas-tight vessel as anode and 
generates a DC plasma, and a means for introducing a gas having 
constituents of a film to be formed on the surface of said processed 
material into said gas-tight vessel, wherein a hot electron cathode is 
provided between said gas-tight vessel and processed material, and there 
is furnished a DC power supply for applying to that hot electron cathode 
intermediate voltage between the gas-tight vessel and the processed 
material . 

(2) A plasma CVD processing apparatus as defined in Claim 1, 
wherein a gas spraying nozzle is formed following the inner surface of 
said gas-tight vessel, said hot electron cathode is provided between 
that nozzle and the processed material, and a hot electron discharge is 
made toward that nozzle. 

(3) A plasma CVD processing apparatus as defined in Claim 2, 
wherein said nozzle is ring-shaped, and it sprays mixed gas containing 
a desired gas and film constituents. 
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(4) A plasma CVD processing apparatus as defined in any of Claim 1 
through Claim 3, wherein said hot electron cathode is placed as a 
plurality. 

3 . Detailed Explanation of the Invention 

The present invention relates to a plasma CVD processing apparatus 
that ionizes a halogen compound or fluoride compound of a metal by 
direct current glow discharge and generates a film of metal or metal 
nitride, carbide, and the like on the surface of a processed material. 

In recent times, so-called plasma CVD processing apparatuses 
(apparatuses for chemical gas -phase deposition in plasma) , which perform 
deposition of films of metal compounds and the like by using irradiation 
of ions in a plasma, have attracted attention since the quality of the 
deposited films is very good compared with vacuum deposition, and they 
are already starting to enter into the stage of practical use. 

In a plasma CVD apparatus using direct current glow discharge, the 
processed material is heated by kinetic energy having ions of the glow 
discharge, and a thin film of a desired compound is formed on the 
surface of the processed material by ionizing the introduced gas, being 
nitrogen gas, hydrogen gas, and a halogen compound or fluoride compound 
of metal, but in order to increase the ionization of the metal 
molecules, the average electron temperature must be raised as much as 
possible. This average electron temperature is represented by: 

Te = q/ k 0.3 >/Mm/MeAeE/P 
Here, q is the electron charge, k is the Boltzmann constant. Mm and Me 
are respectively the mass of the gas molecules and the electrons, Ae is 
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... 

a free process of electrons at 0°C and 1 Torr, E is the electric field 
strength, and P is the pressure. 

By the above formula, the average electron temperature Te is 
governed by the E / P parameter, but there is a limit to making E 
larger, and from the past, pressure P was made smaller in order to make 
Te larger . 

However, even when doing thus, the ionization rate by direct 
current glow discharge is low and does not exceed as much as several %, 
therefore the adhesion rate of thin film is very low. In the case of 
plasma CVD, because the quantity of introduced gas is dependent on the 
ionization rate or plasma power, when the gas pressure is raised and 
excess gas is introduced in the attempt to increase the adhesion rate, 
unreacted substances are deposited, and it is difficult to form as a 
film. Accordingly, it is an important condition that the gas pressure be 
lowered, but when the gas pressure is low, it is inconvenient that the 
negative glow width becomes wider, and the vicinity of the corner parts 
of the processed material becomes poor. 

The present invention aims to provide a plasma CVD processing 
apparatus that solves the abovementioned problems of the past, attempts 
acceleration of the adhesion of film in plasma CVD processing, and can 
form a uniform film layer of sufficient thickness in a short time. 

The constitutive characteristics of the present invention are in a 
plasma CVD processing apparatus having a gas-tight vessel, a means for 
making the inside of that gas-tight vessel into a desired atmosphere, a 
processed material placed inside that gas-tight vessel, a DC high- 
voltage power supply that applies high-voltage electricity with that 
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processed material as cathode and the gas-tight vessel as anode and 
generates a DC plasma, and a means for introducing a gas having 
constituents of a film to be formed on the surface of said processed 
material into said gas-tight vessel, wherein a hot electron cathode is 
provided between said gas-tight vessel and processed material, and there 
is furnished a DC power supply for applying to that hot electron cathode 
intermediate voltage between the gas-tight vessel and the processed 
material . 

The present invention is explained in detail below based on 
drawings . 

Figure 1 is a component diagram of one working example of the 
present invention, and Figure 2 is a sectional view in the A-A line of 
Figure 1. i indicates a gas-tight vessel. That gas-tight vessel is 
connected to a vacuum pump 3 by way of an exhaust pipe 2, and the inside 

is capable of being drawn to a high vacuum. Said gas-tight vessel is 
cylindrically shaped as is clear from Figure 1, and an electrically 
conductive processed material holder 4 is placed in the center part 
thereof. This holder has a large number of processed materials 5 stacked 
on it. Said holder 4 is connected to gas-tight vessel 1 by way of an 
electrically insulating material, and the negative terminal of a DC 
high-voltage power supply 6 is connected to it. The positive terminal of 
that high- voltage power supply is connected to gas-tight vessel 1, and 
it is grounded. A ring-shaped gas nozzle 7 is provided in contact with 
the inner surface of said gas-tight vessel and at the same potential, 
and gas necessary for plasma CVD being introduced from a gas 
introduction source 8 outside the vessel is sprayed toward the center of 
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the vessel through a large number of fine holes. A specific 
configuration of said gas introduction source is shown in Figure 3. In 
the same drawing, 9a and 9b are gas tanks, and 9a is filled with 
nitrogen gas and 9b with hydrogen gas. Mid-course of piping from both of 
those gas tanks, there are provided flow regulators 10a and 10b, and the 
mixture ratio of both gases can be regulated. The gases coming out of 
both regulators are mixed and are supplied to gas-tight vessel 1 by way 
of flow regulator 11. Meanwhile, from nitrogen gas tank 9a, nitrogen gas 
is introduced into a bubbling vessel 13 by way of flow regulator 12, a 
liquid alloy 14 inside that vessel, such as TiCl^, is gasified by that 
gas, it is mixed with said mixed gas of nitrogen and hydrogen, and it is 
introduced into gas nozzle 7 inside gas-tight vessel 1. The manner of 
the bubbling vessel is not limited to the abovementioned, and it may be 
one combining heating or one that mainly performs heating. 

15 is a plurality of hot electron cathodes disposed between said 
processed material 5 and gas nozzle 7, and it is formed, for example, 
with a tungsten coil. That hot electron cathode is led out from the 
vessel by way of an electrically insulating material, and it is 
connected to an AC heating power supply 17 by way of a boosting 
transistor 16 . The neutral point on the secondary side of said boosting 
transistor is connected to the negative terminal of a DC power supply 
18, and it is kept to negative potential with respect to the gas-tight 
vessel and the gas nozzle. Figure 4 shows the potential of gas nozzle 7, 
hot electron cathode 15, and processed material 5, and the hot electron 
cathode is kept to -120 V and processed material 5 to -52 0 V, 

The operation of the apparatus of the abovementioned configuration 
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is explained next. 

Processed materials 5 are stacked on top of holder 4 inside gas- 
tight vessel 1, and the inside of that gas-tight vessel is exhausted by 
vacuum pump 3. After that, the mixture ratio of nitrogen gas, hydrogen 
gas, and liquid metal gas is regulated by adjusting each flow regulator 
10a, lOb, 11, 12 of gas introduction source 8 shown in Figure 3, and 
they are introduced into gas-tight vessel 1, Doing thus, the inside of 
the vessel is made into a gas atmosphere of the desired pressure (10"^ - 
20 Torr) . In this state, 200 V - several KV of voltage is applied 
between vessel 1 and processed material 5 from DC high-voltage power 
supply 6, and a DC glow discharge (main glow discharge) is generated 
inside the vessel. At the same time, when heating current is supplied to 
hot electron cathode 15 from power supply 17 such that it is heated to 
a temperature to the extent that generation of hot electrons is 
possible, and electron accelerating voltage is applied from DC power 
supply 18, electrons from that hot electron cathode leap from that 
cathode toward gas nozzle 7 having plus potential {called hot cathode 
glow discharge) . The voltage between said hot electron cathode 15 and 
gas-tight vessel 1 is about 120 V, for example, as shown in Figure 4, 
and it is a sufficiently low voltage compared with the voltage, such as 
520 V, generated by the main glow discharge between processed material 
5 and vessel 1 . 

The ions generated by said main glow discharge are accelerated by 
the electrical field between vessel 1 and processed material 5, and they 
collide with that material and heat that material. Also, the metal ions 
generated in the main glow discharge are attracted to the processed 
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material, and they adhere as they are or adhere as a metal compound 
reacting with other ions. The rate of thin film adhesion by such main 
glow discharge is very low as discussed before, but in the present 
invention, because a hot cathode glow discharge using hot electron 
cathode 15 is generated separately from the main glow discharge, a large 
volume of ions is generated between the hot electron cathode and the gas 
nozzle in addition to the generation of ions by said main glow 
discharge, and those ions are attracted to the processed material. 
Because the aforementioned hot cathode glow discharge does not directly 
contribute to the temperature of the processed material, it is possible 
to raise the discharge power without being constrained so much. 
Therefore, the ionization of the metal gas inside the gas-tight vessel 
is increased on the whole more so than just by the main glow discharge 
and the gas pressure can be raised by that much, and the number of metal 
ions is increased and the thin film adhesion rate can be markedly 
increased . 

Next, working examples are explained. 
[1] Working example with apparatus of the past 

Gas mixture ratio N2 = 30%, H2 = 60%, TiCl4 = 10% 

Processing temperature 600^0 

Processing gas pressure 1 Torr 

Main glow voltage 600 V 

Adhesion rate 120 A/min 

* If processing gas pressure is made higher than this, unreacted 
substances are deposited, and a film can no longer be formed. 
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[2] Working example with apparatus of the present invention 



Gas mixture ratio 



N2 = 30%, H2 = 60%, TiCl4 = 10% 



Processing temperature 



600^*0 



Processing gas pressure 



4 Torr 



Main glow voltage 



520 V 



Hot electron cathode temperature 



2200°C 



Hot cathode glow voltage 



120 V 



Adhesion rate 



300 A/min 



As is clear from the above quantities, according to the present 
invention, it is possible to raise the gas pressure, and as a result, 
the adhesion rate can be increased to about 3 times that of the past, 
and fast formation of films of metal compounds becomes possible. 

The abovementioned is one working example of the present invention, 
and various modifications are possible in practical use. For example, 
the hot cathode is not limited to the structure as shown in Figure 1 and 
Figure 2, it can be any kind of thing as long as an effective hot 
cathode glow discharge is possible, and a plurality of wheel -shaped 
cathodes as shown in Figure 5 may also be provided. Also, the types of 
gases and metal gases and the values of each type used in the working 
example are not limited to these. 

4. Brief Explanation of the Figures 

Figure 1 is a component diagram showing one working example of the 
present invention. Figure 2 is a sectional view in the A-A line of the 
apparatus in Figure 1, Figure 3 is a drawing showing a specific example 
of a part of the apparatus in Figure 1, Figure 4 is a drawing showing 
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